Two new classes of optical lattices have been identified [1] that permit the creation of arbitrarily large three-dimensional (3D) arrays of tightly confined excitation maxima of controllable periodicity and polarization from the superposition of a finite set of plane waves (e.g., Fig. 1 ). Such lattices can serve as 3D multifocal excitation fields for massively parallel fluorescence imaging within living cells, and may prove to be key enablers for the practical adaptation of superresolution techniques [2,3] to intracellular research.
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A method for the generation of such lattices over an excitation zone of controllable extent has been devised [4] , involving a combination of localized illumination at specific points in the rear pupils of opposed high numerical aperture (NA) microscope objectives with additional beams external to the objectives created with individual low NA lenses (Fig. 2) . This geometry allows for efficient, simultaneous, and individualized detection of luminescence from a plurality of excitation maxima across multiple lattice planes when used in conjunction with appropriate spatial filtering aperture arrays and phase shift masks to compensate for differing degrees of spherical aberration in different lattice planes.
Diffraction calculations indicate that the effective excitation point spread function ( exc PSF ) of the maxima created by these means is superior (Fig. 3) to that obtained in confocal microscopy and, due to the inclusion of the external beams, does not exhibit the side lobes characteristic of 4Pi excitation [5] . Furthermore, because the lattice periodicity is divorced from the excitation confinement, easily resolvable, highly confined maxima can be created in 2D by applying lattice excitation to total internal reflection (TIR) microscopy with high index (n > 2) substrates. Lattices of excitation nodes surrounded by spherical excitation shells can also be created, serving as depletion lattices for multifocal stimulated emission depletion (STED) microscopy [3] with improved effective exc PSF .
Imaging simulations on an idealized network of fluorescent filaments (Fig. 4) further indicate the superior imaging capabilities of lattice excitation for standard 3D fluorescence imaging, as well as the resolution gains that may be achieved by the adaptation of TIR or STED methods. Unlike widefield and confocal microscopy, where out-of-plane excitation leads to undesirable background (only partially alleviated by pinhole filtering) and inefficient use of the photobleaching-mandated photon budget within the specimen, the constructive interference at the lattice maxima and partial destructive interference at other points leads to significantly greater molecular sensitivity and efficiency in converting any emitted photons into usable signal. 
